UNIVERSITY OF RUHUNA
BACHELOR OF SCIENCE GENERAL DEGREE LEVEL 1I(SEMESTER 1)
EXAMINATION JULY 2014

Subject ‘PHYSICS

Course Unit: PHY2114 Time: Two hours & 30 minutes

Part 11

Answer FIVE(05) questions only
At least 01(ONE) question from Part B should be answered.
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All symbols have their usual meaning

Part A

1. (a) Define the thermal resistance (R value) of a heat conducting rod identifying each term.

(b) End temperatures of a rod of thermal resistance R are Ty, and Ty (Ty, > Tg) respectively.
The rate of conductive heat transfer through the rod is given by

dq . T, -Tp
%=9= R

If there are n rods of identical cross sectional area are connected in series, use the above
result to show that the rate of conductive heat transfer through the system is given by

0= | Terminal temperature difference|

i R

Here R; is the thermal resistance of i** rod. Assume that there is no heat transfer to the
surrounding from the rods.

(c) Figure shows two thermal resistors connected in parallel. —m

Show that the resultant thermal resistance (R) is given by

. RiR,
- R+ R,

A window(width=2 m, height=:2 m) has three glass layers and two thermal insulating layers
as shown in the figure. The temperature inside the room is 20°C and the envirommental
temperature is —5°C,

1. Draw the thermal resistance circuit for the window. If thermal conductivities of glass

and insulator are 0.3Wm™" K~! and 0.02Wm~' K- respectively, calculate the resul-

3 tant thermal resistance of the window.
i ii. Calculate the rate of heat conduction to outside through the window.
45 iii. Calculate the temperatures of each glass-insulator interfaces.
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(n) Write down the firet law of thermodynamics deseribing cach terrm.

(b} An ideal gas expands
i. adiabatically from (P, V3. T;) to (P V2. Ta).
ii. isothermally from (P, V1, Th) to (P3. V2, Th)-

IF P, and P are less than P, indicate the above two proc

pressure, V-verticle axis) diagram.

(c) One mole of an ideal gas (y = 3) at (1, V1, Th) is capable of cxecuting fO“OWing’proce‘qSeS_
<5 until its volume becomes 0.25V;.

A — B: the gas undergoes an isothermal proces:
B —= C: the gas undergoes an isochoric process.

C — D: the gas undergoes an isobaric process until i
DD —= A: the gas comes back to the initial state through

If the AB curve crosses the line CD at E, draw a P — V diagr

procoss.

i. Find pressure and volume after cach process in terms of Py and Vj.

ts volume becomes 0.75V.
an adiabaic expansion process.
am for the above cyclic

ii. Find pressure and volume at point £ in terms of P, and V.

iii. Obtain an expression in terms of Py, V; and Ty for the work done by the gas (W) during :

this cyclic process.
iv. If P, =15x10°Nm™,V; = 1000 em® and Ty = 227

°C, calculate W.
[When 1 mole of an ideal gas changes its state from (P, Vi, T1) to (P2, V2, T3), the work

|
esses in a V — P(volume V3 5
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done by the gas during isothermal and adiabatic processes are given by W = RT ln%f '

and W = (F‘yf:,':’;v' respectively. Universal gas constant (R) = 8.314J K~!'mol™']

(a) State and derive Carnot theorem.

(h) The efficiency (77) of any heat engine is < 1 and the coefficient of performance (K) of8

refrigerator is < 1 or > 1. Explain this bricfly.

{c) Write down an expression for the coefficient of performance of a reversible refrigerator in

terius of the temperatures of hot and cold reservoirs.

(d) Following figure shows an irreversible refrigerator and a reversible refrigerator operated using

a reversible engine.
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i. Is it possible to operate a heat engine between the reservoirs D and F'?7 Explain your
answer.
ii. Calculate the efficiency of the engine.

iii. If the coefficient of performance of the reversible refrigerator is 1, calculate T, in terms

of T.

iv. If the maximumn efficiency that can be obtained by a different hypothetical engine
operated between the reservoirs A and C' is %, calculate T in terms of 7.

v. If the coefficient of performance of the irreversible refrigerator is 1 and Wy = 200,
calculate @Q; and Q.

vi. If Wrr = 100 J, calculate @3, Q4, @5 and Q.

(a) Writc down first and sccond T'dS equations.

(b) Obtain the internal energy equation.

oU oP
(év)fT(é‘f)v"‘”

(c) i. The internal energy of an ideal gas depends only on the absolute temperature.

ii. The internal energy of a real gas depends on both the absolute temperature and the
volume. '
Describe the physical meaning of above two statements.

(d) Using the result in part (b) show that
au
=1 =D
(@),

(¢) Van Der Waals gas equation is given by

for an ideal gas

(P+—‘j—2)(V—b)=RT

If the the heat capacity of the gas (Cy) does not depend on the temperature, show that the
internal energy of the gas is given by

U=CyT - % + constant

Page 3



S

H. () Derive the Clausius Clapyron's equation.

the Clausing Clapyron’s equation.

Y

(h) Discuss the effect of pressure on melting points and boiling pointy o Sithgtay,
scus “ANceg |,

(¢) Following figure shows a pressure cooker.
i, Discnss the importance of a pressure cooker,

i, Usually a pressure cooker is made by ”Eif:k alli-
minimﬁ plates. Explain the reason for this.

iii. When water boils in the above pressure cooker the
pressure meter indicates 1.2atm. Calculate the
boiling temperature of water inside the pressure
cooker.

Specific voluine of steam=1.68 m? kg~
Latent heat of vaporization of water (L)=2.27 x
106 kg ™!

Density of water (p)=1000kgm™3

latm =1 x 10°Nm™2

|

6. (a) What is meant by entropy?
(b) State and derive the Clausius theorem. Hence, show that the

(¢) mykg of ice at —T°C is placed in thermal contact with mgok
expect T°C of water at the equlibrium state,

. i — (mzLs+100myCy—my Ly o
i. Show that T = (TalstldmaCy —mly )

ii. If my = 1.0kg and my = 0.15kg, calculate the value of T
Specific heat capacity of ice (Cr) = 2095 J kg™! K~
Latent heat of fusion of ice (L;) = 3.352 x 105 J kg™!
Latent heat of vaporization of water (Ls) = 2.263 x 106 J kg™*
Specific heat capacity of water (Cw) =4190J kg ' K!

Part B

7. A simple pendulum with mass m and len

gth [ is suspended from a po
with constant acceleration a as shown in the figure

(a) Show that the lagrangian for the system can be written, in
terms of the angle 6,

- i JIF .
L(6,0,t) = 5(!’92 +a*t? — 2alté cos ) + mgl cos @

(b) Determine the Euler-Lagrangian equation for the system.
8. The potential encrgy of

4 mass m moving in one-djme
origin is given hy

r .
Ulr) = U, (* s ,\«’E) "
R . r
and A all positive constants,
equilibrium position 7o of the

where 0 < r < o0, and Usg, R

(a) Find the N
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(h) Find its potential energy at equilibrinm position

(¢) Show that the angnla frequency of simall oseillntions of the e 1 given by

\/ 2y

W :

mAn

0. A umform distribution ol dust i the solar system nddas to the gravitational attraction of the wn
on a planet an additional foree

4

I mC'r

where m s the mass of the planet, €' is a constant proportional to the gravitational constant and
the density of the dust, and ris the radiug veetor from the sun to the planet (hoth considered
as points). This additional force is very small compared to the direct sun-planet gravitational
force.
(a) Show that the equation of motion for r is given by
- k :
MP = ey = s = mC'r
mrd o

(b) Show that the period for a circular orbit of radius 1o of the planct in this combined field is

given by
2

[k _ 1vl(fru"'
mrg \/l b k

T =

R
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